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Dear Tom,

Attached are our comments on the draft report entitled, "Advisory on EPA’s Assessments of
Carcinogenic Effects of Organic and Inorganic Arsenic: An Advisory Report of the US EPA Science
Advisory Board" issued December 12, 2005. Our comments emphasize the importance
of considering inorganic arsenic's non-linear dose-response to characterize risks from ingested
arsenic.

Please note that the version of the document that was made public was not the same version that the
Panel was discussing on the call. We would like to request that, for the next calls, the most current
version of the document be made available to the public. Additionally, the Panel was discussing
other documents that were not made public. It would be helpful if all the documents that are
discussed are made public.

Thank you very much,
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Principal
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The nonlinearity of arsenic's mode of action has been well recognized by scientists for many
years (see for example, US EPA, 1997; NRC, 1999; US EPA SAB, 2000; Schoen et al., 2004;
Rossman, 2003). Epidemiological data reinforce that arsenic has a non-linear dose-response
relationship and may even be a threshold carcinogen, with possible potential beneficial effects at
low doses. The SAB Scientists Panel (Panel) has acknowledged this position, but so far, has
avoided putting the principles of arsenic nonlinearity into practice. Specifically, the Panel
concluded that, "at present the experimental evidence on mode of action of inorganic arsenic
supports a possible non-linear dose-response at low exposure levels, yet there is no clear indication
of what shape a non-linear dose-response would take for application to human cancer risks at low
exposures (<50 or 100 ppb). Importantly, the Panel has further recommended that the EPA consider
the potential hormetic effects of arsenic, in which lower exposures to arsenic not only lack adverse
effects, but may actually be beneficial. Support for the essentiality and possible hormetic effect for
arsenic comes from several sources, including recent experiments demonstrating that low levels of
arsenic elicit different cellular responses than higher doses, and can be protective against other toxic
insults (Snow et al., 2005; Calabrese and Baldwin, 2003). For example, Snow et al. (2005)
demonstrated that low-level exposure to inorganic arsenic (0.5 uM) reduced the amount of reactive
oxygen species constitutively generated in keratinocytes and fibroblasts. Additionally, they showed
that low-level arsenic reduced the amount of reactive oxygen species in these cell types when the
cells were challenged with the oxidizing agent menadinoe. In an animal study, mice exposed to 0.2-
2 pg/L arsenate in drinking water were protected against dimethylbenzanthrazene (DMBA)/phorbol
12-tetradecanoate 13-acetate (TPA)-induced skin tumors (Snow et al., 2003). Recent studies of
arsenic essentiality demonstrate that diets deficient in arsenic can be detrimental to the regulation of
DNA methylation in rats (Uthus and Davis, 2005). Epidemiological studies also support a hormetic
dose response relationship of arsenic. Several researchers have found evidence of potentially
beneficial effects of arsenic exposure in the range of 50 to 100 ug/L (as cited in Snow et al., 2005;
Kayajanian, 2003; Lamm et al., 2004; Brown, 2006).

Reanalysis of the Taiwanese dataset, which is the most extensive dataset to establish the
shape of the dose-response relationship at high arsenic exposures, as well as other studies conducted
in high-arsenic areas, consistently demonstrate that adverse health effects from arsenic are not
evident in populations exposed to drinking water containing arsenic concentrations below several
hundred pg/L (Lamm et al., 2003; Guo, 2004; NRC, 2001; Tucker et al., 2001; for review see
Schoen et al., 2004; Lamm et al., 2005). For example, Lamm et al., (2005) identified the existence

of geographically-related confounding factors in the Taiwanese study. Reanalyzing the data,
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excluding these confounding factors, these researchers observed that the dose-response curve for
arsenic-related bladder and lung cancer had an apparent threshold at drinking water concentrations
of approximately 150 pg/L (or about 0.013 mg/kg-d").

The Panel has appropriately recommended that "published epidemiology studies of low
level arsenic-exposed populations need to be taken into consideration in a more formal secondary
integrative analysis and compared with the main analysis for concordance." This type of formal
analysis has been published previously for arsenic and cancer (Guo and Valberg, 1997; Valberg et
al., 1998). For example, using a likelihood ratio approach, Guo and Valberg (1997) formally
assessed the validity of EPA risk estimates for arsenic-induced skin cancer by comparing the
available epidemiological data to the risk estimates predicted by the EPA analysis. We recommend
that a similar analysis, using more recent data on bladder and lung cancer be conducted to judge the
plausibility of EPA's current dose-response model for US populations.

An additional factor to consider when using the Taiwanese data to estimate arsenic risks in
the US is that the excess cancers observed in the Taiwanese were likely influenced by the
population's compromised nutritional status. Studies of arsenic-exposed populations in Taiwan and
India provide evidence that nutritional deficiencies enhance responsiveness to arsenic (Guha-
Mazumder et al., 1998; Hsueh et al., 1997). A recent publication presented the results of a
comprehensive case-control study evaluating the influence of numerous nutritional variables on
susceptibility to arsenic health effects (Mitra et al., 2004). This study confirmed that nutritional
deficiencies contribute to arsenic susceptibility. Specifically, increases in skin lesions were
associated with low calcium, animal protein, folate, and fiber intake in populations exposed to
highly elevated (but less than 500 pg/L) arsenic concentrations (in drinking water). A failure to
consider these studies likely leads to an overestimate of risks for U.S. populations where arsenic
exposures (e.g., from water and food) are significantly lower, nutritional status is better, and
socioeconomic status is higher.

Given the substantial evidence, both mechanistic and epidemiological, that arsenic has a
sublinear, or even hormetic dose response, we recommend that the US EPA conducts (a) Margin-of-
Exposure (MOE) analyses to characterize low-dose arsenic risk in the United States and (b) use the
available information to explore non-linear dose response models. Details on these

recommendations are provided below.

1 Assumes consumption by 55kg Taiwanese individual of 3.5 L/day of drinking water, 1 L/day cooking water, and 50
ug/day of arsenic in diet.
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(8) Margin of Exposure

The considerable evidence from negative US studies and the reanalyses of the Taiwanese
data, as well as mechanistic considerations are supportive of arsenic being a threshold carcinogen.
It is therefore scientifically appropriate to use an MOE analysis in addition to statistical modeling to
characterize arsenic risks. For example, a NOAEL of approximately 0.013 mg/kg-d calculated from
the Lamm study (Lamm et al., 2005) could be compared to exposures in the US. Interpretation of
the toxicological significance of any calculated MOE should consider the likely enhanced
susceptibility of the Taiwan population as compared to US populations and that exposures in
Taiwan also occurred prenatally and during early childhood. That is, when setting permissible
exposure limits, the target MOE for US populations should incorporate reduced uncertainty factors
(i.e., < 10) for both intra-species differences and early life susceptibility. Moreover, presentation of

these MOE calculations could also be informative in risk communication efforts by the agency.
(b) Non-linear models

The SAB recommends that EPA investigate alternate models. It is clear that risk estimates
based on the Taiwanese data show great sensitivity to referent population, to transformations of the
dose data (i.e., no transformation, log-transformed, square root-transformed) as well as to
independent causes of elevated bladder and lung cancer acting in some but not other SW Taiwan
townships (Lamm et al., 2005). As a result, the shape of the dose-response curve in the various
modeling exercises is being influenced by factors other than biological plausibility (see also Lamm,
2005). In particular, the supra-linear dose-response curve that results with the use of the referent
population (Taiwanese or Southwest Taiwanese) is particularly problematic and not consistent with
the overall weight of evidence regarding arsenic's mode of action.

The sensitivity of the model to study artifacts and confounders confirms the need to explore
alternative non-linear model approaches and to conduct additional sensitivity analyses in order to
avoid false conclusions regarding the magnitude of risk. Specifically, the contribution to model fit
of the B, parameter in the exponential-quadratic dose-effect component to the hazard function in
Morales et al. (2000) (that is, exp[ B1 x + B x* ]) could be evaluated to determine whether it
significantly enhances fit compared a purely quadratic component (that is, exp[ - x* 1), allowing

testing of theories of low-dose nonlinearity and threshold that come from mode-of-action studies.
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In summary, to reflect the best available scientific information, we urge the SAB to
recommend nonlinear approaches to characterize arsenic risks in the US.
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